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Terrestrial biomass and soils are a primary reservoir of mercury (Hg) derived from 
natural and anthropogenic sources; however, the fate and stability of Hg in the surface 
soil reservoir and its susceptibility to change as a result of human activities is relatively 
unknown.  In this study, soil concentrations of Hg and lead (Pb) were compared between 
old- and new-growth forest soils as well as fallow grassland and agricultural soils in 
southwest Ohio.  Old- and new-growth forest soils had significantly greater 
concentrations of soil Hg, Pb, and organic matter than fallow and cultivated soils in the 
O/A horizon.  Mercury:organic matter ratios also were greatest in old-growth forest soil 
and differed among the four growth zones, potentially as a result of land use influencing 
both soil constituents independently.  These results suggest that deforestation and soil 
cultivation are important processes that influence the respiration of organic matter and 
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 Terrestrial biomass and soils are a primary reservoir of mercury (Hg) derived 
from natural and anthropogenic sources (Smith-Downey et al., 2010; Mason et al., 2012; 
Driscoll et al., 2013).  Man-made emissions are the greatest source of Hg to the 
atmosphere (Pacyna et al., 2010).  Atmospheric Hg is both wet- and dry-deposited to 
Earth’s surface (Miller et al., 2005) and absorbed in the gas phase by foliage through 
stomata (Ericksen et al., 2003; Fay and Gustin, 2007; Bushey et al., 2008).  The uptake of 
gaseous elemental mercury (Hg
0
) by foliage, as well as leaves functioning as a site of Hg
0
 
oxidation and deposition, results in litterfall being the greatest flux of Hg to soils in 
deciduous forests (St. Louis et al., 2001; Demers et al., 2007; Risch et al., 2012; Juillerat 
et al., 2012).  Organic-rich surface soils are estimated to contain about 1000 Mmol of Hg 
globally, accounting for more than a third of the Hg actively cycling between the soil-
ocean-atmosphere system (Mason et al., 2012).  Deforestation of Amazon forests, 
especially by the slash-and-burn method, has been shown to decrease Hg soil 
concentrations (Magarelli and Fostier, 2005; Mainville et al., 2006; Comte et al., 2013).  
Greater soil temperatures, due to burning, potentially increase emissions of Hg from 
deforested Amazon forest soils (Magarelli and Fostier, 2005).  However, the fate and 
stability of Hg in temperate surface soils and its susceptibility to change as a result of 
human activities has received scant scientific attention. 
Mercury deposited to soils is thought to be relatively immobile as a result of its 
high affinity for particulate organic matter (Hintelmann et al., 2002; Demers et al., 2007; 
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Obrist et al., 2011); 90–95% of deposited Hg is retained in soils (Hintelmann et al., 2002; 
Demers et al., 2007).  Concentrations of total Hg are often correlated strongly with the 
organic content of soils and sediments (Johansson et al., 1991; Hintelmann et al., 1997; 
Biester et al., 2002; Hammerschmidt et al., 2004; Obrist et al., 2011; Juillerat et al., 2012, 
Richardson et al., 2013; Šípková et al., 2014).  In soil, other metals, such as lead (Pb), 
also are often positively correlated with Hg and organic matter (Šípková et al., 2014).   
The carbon content of soils is linked to historic and current land use.  Typical 
characteristics of soils in mature forests include high organic content, low pH, and 
elevated sulfur concentrations (Matlack, 2009).  Soil disturbances, such as cultivation, 
can significantly reduce organic content of soil (Johnson, 1992; Robertson et al., 1993; 
Compton and Boone, 2000; Mainville et al., 2006), due to an imbalance of litter inputs 
and outputs and the downward translocation of soil organic carbon (Compton and Boone, 
2000).  Soil organic content can remain at reduced levels for at least 50 y after cultivation 
has ceased and natural plant growth is restored (Johnson, 1992; Koerner et al., 1997; 
Compton et al., 1998; Compton and Boone, 2000).  Furthermore, new-growth forests and 
cultivated soils can contain about 15% and 30–50%, respectively, less organic matter 
than old-growth forest soils (Compton and Boone, 2000; Flinn and Marks, 2007).  Most 
organic carbon in soil is in the litter and O and A horizons.  Consequently, Hg tends to 
accumulate in greater concentrations in the litter and upper soil horizons (Biester et al., 
2002; Smith-Downey et al., 2010; Obrist et al., 2011).   
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  Sequestration of Hg by soils and sediments is highly dependent on adsorption 
and desorption processes involving dissolved and solid-phase ligands:  chloride, sulfide, 
and organic ligands control the speciation of dissolved Hg (Schuster, 1991; Fitzgerald et 
al., 2007).  Thiols in soil organic matter are a primary factor influencing the 
bioavailability, toxicity, demethylation, and transport of monomethylmercury (MMHg; 
Qian et al., 2002; Skyllberg et al., 2003; Karlsson and Skyllberg, 2003) and total Hg 
(Šípková et al., 2014).  Monomethylmercury concentrations in soils are often correlated 
with levels of Hg, but the fraction of Hg as MMHg can be highly variable (Karlsson and 
Skyllberg, 2003; Skyllberg et al., 2003; Tabatchnick et al., 2012).  In southwestern Ohio 
soils, for example, the fraction of Hg as MMHg ranges from 0.1 to 5.9% (Tabatchnick et 
al., 2012).   
 Given the significance of the soil reservoir in the global Hg cycle and its potential 
susceptibility to changes in Hg storage capacity as a result of changes in land use, I 
examined the Hg content of soils from old- and new-growth forest stands as well as 
fallow and cultivated fields in southwest Ohio.  Land use in Ohio has changed 
dramatically during the past 200 years, largely as a result of deforestation for agriculture, 
with the maximum number of acres under cultivation occurring in the 1880s 
(Hendricksen, 1933).  I also examined the concentrations of Pb and nickel (Ni) to better 
understand the potential effect of changing land uses on pools of other metals.  By 
Goldschmidt definition, Pb and Hg are sulfide binding chalcophiles and Ni is an iron 
binding siderophile (Goldschmidt, 1937).  I hypothesized that 1) Hg and Pb 
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concentrations in soils would be strongly related to organic content, 2) O/A horizons will 
contain greater concentrations of metals than the B horizon, and 3) soils of old-growth 
forest stands will have greater Hg concentrations than new-growth forest, fallow, and 






My hypotheses were tested by examining concentrations of Hg, Pb, Ni, and 
organic matter in soils from old-growth forest, new-growth forest, agricultural fields, and 
fallow areas in southwest Ohio, on or near the campus of Wright State University (WSU; 
Fairborn, OH).   Elevation of each sample site was determined with a REST query in 
ArcGIS.  The WSU Campus Woods (0.8 km
2
) was an ideal location to test hypotheses 
related to stages of forest growth because it has well-defined stands of new and old-
growth, which have been identified as such based on vegetation phylogeny, diversity, and 
aerial photography (Figure 1).  Tree species in the old-growth forest stand (elevation 
260–282 m above mean sea level) are dominantly white (Quercus alba) and red oak 
(Quercus rubra), black walnut (Juglans nigra), sugar maple (Acer saccharum), white ash 
(Fraxinus americana), slippery elm (Ulmus rubra), basswood (Tilia americana), black 
cherry (Prunus serotina), shagbark hickory (Carya ovate), and bitternut hickory (Carya 
cordiformis; Runkle et al., 2005).  The old-growth zones of the WSU forest have likely 
never been clear cut and were used historically as woodlots for local farmers.  The 
younger forest stands (elevation 256–277 m) are composed of black locust (Robinia 
pseudoacacia), cottonwood (Populus deltoides), black cherry, and sugar maple (Runkle 
et al., 2005).  The new-growth forest zones are regenerated forests recovering from 
previous agricultural land use, including cultivation and pasture, which were abandoned 
in the 1930’s and 1950’s (Runkle, 1990).  Both types of forests are typical of others 
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throughout the southern glaciated Great Lakes region.   Basal soils are homogenous 
throughout the study area and consist of medium textured glacial till (Runkle, 1990).  
Tree stand ages were estimated from aerial photographs taken in 1949 and 2012.   
Fallow and cultivated soils were sampled from locations near WSU in Greene 
County, OH.  Fallow lands (elevation 252–279 m) were determined by locating areas that 
have been wild, unkept grassland for greater than a decade based on aerial photography.  
Koogler Wetland/Prairie Reserve (0.16 km
2
), located in Beavercreek Township, Ohio, is 
about 4.5 km from the WSU Woods and contains fallow grassland consisting of prairie 
grasses (Figure 2).  Additional fallow areas were identified from historical aerial 
photographs of Greene County, archived at the Greene County Natural Resources and 
Conservation Society (Figure 3; Xenia, OH).  Sampling sites in agricultural fields 
(elevation 265–315 m) were randomly selected in northwest Greene County, with in 12 
km of the WSU Woods (Figure 4).  Soil horizons in agricultural fields could not be 
segregated due to regular cultivation.   
Atmospheric deposition of Hg is presumed to be homogeneous throughout the 
relatively small study area (110 km
2
).  Wet atmospheric deposition of Hg was 20 µg/m
2
/y 
in 2011 at the Jefferson County, Indiana, Mercury Deposition Network (MDN) site, the 
nearest to our study area (170 km; MDN, 2014).  Homogeneity of Hg deposition in the 
study area is supported by similar concentrations of MMHg in local mosquitos (Konkler 
and Hammerschmidt, 2012), which are bioindicators of atmospheric deposition 
(Hammerschmidt and Fitzgerald, 2005).    
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Figure 1. Delineation of old- and new-growth forests either on or adjacent to the campus 






Figure 2. Delineation of fallow grassland at Koogler Wetland/Prairie Reserve, in Greene 










Figure 4.  Locations of sample sites in cultivated agricultural fields, Greene County, 
Ohio.  






 Soil was sampled from old-growth forest (O/A horizon n = 46; B horizon n = 40), 
new-growth forest (O/A and B horizon n = 39), cultivated (O/A horizon n = 29) and 
fallow (O/A horizon n = 39; B horizon n = 26) areas.  Maps of each of these growth 
zones, near the WSU campus, were overlain with a latitudinal and longitudinal grid to 
identify sampling locations.  From 25 to 50 numbered intersections of each grid were 
randomly selected for soil sampling in each growth zone.  Three replicate soil samples 
were collected at every 8
th
 site per zone, within 1 m of each other, to assess soil 
heterogeneity.  Predetermined soil sampling sites were located in the field by use of a 
handheld global positioning system receiver.   
Undisturbed soil profile samples were collected with a stainless steel push 
sampler soil probe (1.9 cm diameter).  The probe was cleaned before use with detergent 
and reagent-grade water (> 18 MΩ-cm resistivity) and subsequently wiped free of soil 
debris with paper towels in the field.  The O/A horizons and B horizons of the soil cores 
were separated in the field and placed into 50 mL polypropylene tubes that had been 
rigorously cleaned with acid and rinsed with reagent-grade water.  Differences in soil 
color and texture were used to differentiate horizons.  The upper 0–5 cm of the O/A 
horizon was saved with the remainder of the horizon discarded.  Five continuous cm of 
the B horizon were saved separately.  Soils were stored frozen until freeze drying and 





 Soil samples were analyzed gravimetrically for organic content after freeze-
drying to a constant dry weight (Virtis Lyo-Center, Warminster, PA).  The organic 
content of freeze-dried soil samples was determined as loss on ignition (LOI) after 
heating about 5 g of soil for 4 h at 550 ºC (Heiri et al., 2001).      
 Metals were extracted from soil samples by microwave digestion with strong acid 
(Fitzgerald et al., 2005).  Freeze dried soil (0.2–0.5 g) was accurately weighed into 50 mL 
Teflon digestion bombs (Savillex, Eden Prairie, MN) to which was added 3 mL of 16 M 
HNO3 and 2 mL of 12 M HCl (Baker Instra-Analyzed, Center Valley, PA).  Hermetically 
sealed bombs were irradiated in a 1000-W microwave oven during five 1-min intervals, 
after which digestates were diluted with 25 mL of reagent-grade water and 0.5 mL of 
BrCl solution.   Total concentrations of Hg, Pb, and Ni in soil digestates were quantified 
by inductively coupled plasma mass spectrometry (ICP-MS) with a Perkin Elmer ELAN 
9000.  Dissolved gold was added to all samples (200 μg/L final concentration) to 
amalgamate Hg and therefor prevent carryover between samples and improve instrument 
sensitivity (Chen, 2009).    
Quality assurance 
 Trace-metal clean techniques were used for all sampling and analysis procedures 
(Gill and Fitzgerald, 1985).  Soil masses were determined with a balance that was 
calibrated with ASTM Class 1 reference weights.  All plasticware was soaked in dilute 
HCl and rinsed with reagent-grade water.  Certified reference material MESS-3 (marine 
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sediment) from the National Research Council of Canada was used to evaluate the 
efficacy of the digestion method and accuracy of metal determination.  This reference 
material was selected because its relatively low certified concentrations of Hg, Pb, and Ni 
were anticipated to be comparable to those in Ohio soils, based on prior work of others 
(Ritter and Rinefierd, 1983; Tabatchnick et al., 2012).  All preparation batches of soil 
digestates included replicate samples and blanks taken through the digestion procedures 
to assess precision and potential contamination.   
 Determinations of metals in soils were accurate.  The mean (±  1 SD) measured 
dry-weight concentrations of all metals in MESS-3 reference material were within their 
certified means and indicated little procedural bias:  Hg = 0.096 ± 0.010 μg/g (certified 
range = 0.091 ± 0.09 μg/g), Pb = 22 ± 1 µg/g (21 ± 1 µg/g), and Ni = 47 ± 9 µg/g (47 ± 2 
µg/g). Reproducibility among triplicate digestates of the same soil samples averaged 7, 9, 
and 8% relative standard deviation (RSD) for Hg, Pb and Ni, respectively (n = 15 
triplicate samples for each metal).  Method limits of detection were much less than 
sample concentrations and about 0.04, 0.02 and 0.03 μg/g for Hg, Pb, and Ni, 
respectively (Taylor, 1987).   
Statistical analysis 
 Linear regression analyses were used to examine correlations between paired 
variables (i.e., Hg, Pb, Ni, and organic content).  Differences of Hg, Pb, Ni, and organic 
matter concentrations as well as Hg:organic matter ratios, between growth zones were 
evaluated with one-way analyses of variance (ANOVA) with Dunn’s Pairwise Multiple 
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Comparison.  Differences of concentrations and Hg:organic matter concentration ratios 
between O/A and B horizons were examined by paired t-test.  An assessment of Type 1 
errors (α = 0.05) was used to assess statistical significance.  All statistical analyses were 
conducted with SigmaPlot version 12.    
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III. RESULTS AND DISCUSSION 
Metal concentrations 
Soil metal concentrations in southwest Ohio were comparable to those at other 
locations in the northern United States.  Among all soil samples, mean measured dry-
weight concentrations in southwest Ohio were 0.050 μg/g Hg, 25 μg/g Pb, and 20 μg/g 
Ni.  Soil Hg concentrations in this study were comparable to those observed in A-horizon 
soils (0.074 ± 0.055 μg/g dry wt) of undisturbed and maintained landscapes throughout 
the Dayton region (Tabatchnick et al., 2012) and similar to those in upper (0.045 ± 0.006 
μg/g) and lower (0.071 ± 0.013 μg/g) B horizon, mineral horizons of northeastern U.S. 
(Richardson et al., 2013) as well as north central U.S. mineral soils (0.015–0.030 μg/g; 
Nater and Grigal) and Illinois surface soils (0.044 μg/g; Wilson et al., 2013).  Moreover, 
Pb and Ni concentrations in the study were similar to those in southern Illinois soils (16 
and 20 μg/g, respectively; Wilson et al., 2013), northwestern Ohio soils (14 and 25 μg/g, 
respectively; Neupane and Roberts, 2009), and within the range of those in mid-western 
Ohio agricultural fields (Pb = 20–30 and Ni = 20–40 μg/g dry wt; Holmgren et al., 1993).  
Metal concentrations of this study are equivalent to previously reported concentrations, 
which indicates metals are not particularly enriched in soils of the study area.   
Metal concentrations were relatively homogeneous at sites where three soil cores 
were sampled within 1 m of each other.  Average variability among replicate cores, 
expressed as percent relative standard deviation (%RSD), was 10% for Hg and Pb, 13% 
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for Ni, and 9% for organic content.  The good agreement among replicate cores at these 
sites suggests that the results from sites where only one core was sampled are 
representative of those within at least one meter of the location.   
Metal concentration differences between horizons 
Mercury concentrations were often enriched in the O/A horizon relative to the B 
horizons (Table 1).  In old- and new-growth forests, Hg concentrations were significantly 
greater in the O/A than B horizon (paired t-test, p < 0.001), consistent with the findings 
of others (Nater and Grigal, 1992; Biester et al., 2002; Juillerat et al., 2012).   In contrast, 
there was no difference in Hg concentrations between these two horizons in fallow soil 
(paired t-test, p = 1.0).  Additionally, old- and new-growth forest and fallow soils had 
greater organic matter concentrations in the O/A than B horizon (paired t-tests, p < 
0.001), which was expected (Biester et al., 2002; Smith-Downey et al., 2010; Obrist et 
al., 2011).  Mercury likely accumulated preferentially in the upper soil horizons because 
of its high affinity for organic matter (Biester et al., 2002; Demers et al., 2007; Obrist et 
al., 2011).  The absence of differences in Hg concentrations between horizons in the 
fallow soil may be attributed to soil disturbance (e.g., cultivation) within the past few 
decades.   
Vertical segregation of Pb was comparable to that of Hg as a function of land use 
(Table 1).  In old- and new-growth forests soils, concentrations of Pb were significantly 
greater in the O/A than B horizon (paired t-tests, p < 0.001), but there were no differences 
between horizons in fallow soils (paired t-test, p = 0.408).  Greater concentrations of 
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Table 1. Average (± 1 SD) dry-weight concentrations of metals and organic content 
(expressed as percent loss on ignition, LOI) in soil samples collected from old-growth 
forest, new-growth forest, cultivated fields, and fallow grasslands of southwestern Ohio.   
 
Hg Ni Pb LOI 
Growth zone (μg/g) (µg/g)  (µg/g) (%) 
 O/A horizon 
Old-growth (n = 46)  0.088 ± 0.018
 
19 ± 5 35 ± 7
 
  10 ± 3
 
New-growth (n = 39)  0.057 ± 0.019 20 ± 5 28 ± 9
 
9 ± 3 
Fallow grassland (n = 39) 0.031 ± 0.008 18 ± 7
 
20 ± 4 6 ± 1 
Cultivated fields (n = 29) 0.030 ± 0.005 18 ± 5 23 ± 3 5 ± 1 
 B horizon 
Old-growth (n = 40) 0.051 ± 0.009  19 ± 10 22 ± 3
 
5 ± 1 
New-growth (n = 39)   0.043 ± 0.013 23 ± 8 24 ± 7
 
5 ± 1 





metals in organic rich surface soils are potentially the result of either preferential metal 
accumulation with organic ligands or because of recent anthropogenic additions (Wilson 
et al., 2013).   
The partitioning of Ni between soil horizons was unlike that of Hg and Pb (Table 
1).  Nickel concentrations did not differ between horizons of old-growth forest soil 
(paired t-test, p = 0.8). Moreover, and opposite the distribution of Hg and Pb, Ni 
concentrations were significantly greater in the B compared to O/A horizons in both new-
growth forest (paired t-test, p = 0.04) and fallow soils (paired t-test, p = 0.006).  Increased 
concentrations of Ni in deeper mineralized soils may be the result of downward leaching 
because of weak association between Ni and organic matter (Neupane and Roberts, 
2009).   
Metal concentration differences among growth zones 
Soil Hg concentrations were significantly different among growth zones 
(ANOVA, p < 0.05; Table 1).  Among all sampling sites and horizons, average Hg 
concentrations were greatest in old-growth forest soil, followed by new-growth forest, 
cultivated fields, and fallow soils (Table 1).  Mercury concentrations in the O/A horizon 
were statistically different between all growth zones (p < 0.05), except between cultivated 
and fallow soils (Dunn’s Pairwise Multiple Comparison).  In the B horizon, Hg 
concentrations did not differ between old- and new-growth forest soils (Dunn’s Pairwise 
Multiple Comparison, p > 0.05).  The greatest Hg concentrations were in O/A soil 
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horizon of old-growth forest, the most undisturbed growth zone having soils with the 
greatest organic content.  Fallow grassland and agricultural fields were the most recently 
cultivated soils and also had the lowest Hg and organic matter concentrations.  Processes 
that cause rapid loss of organic carbon (e.g., cultivation; Johnson, 1992; Robertson et al., 
1993; Compton and Boone, 2000) were suspected to lead to rapid Hg loss as well (Smith-
Downey et al., 2010).  This study supports the hypothesis that soil tillage reduces both 
organic and Hg concentrations in surface soil.     
Cultivation is an anthropogenic process not previously considered as a mechanism 
of Hg mobilization from soils.  Weathering of deforested soils is well known to 
exacerbate mobilization of nutrients from soils through leaching (Grigal, 2003; Mainville 
et al., 2006).  Additionally, removal of the forest canopy permits a greater photon flux to 
soils that can lead to photochemical reduction and volatilization of Hg back to the 
atmosphere (Gustin et al., 2006; Briggs and Gustin, 2013).  Soils of agricultural fields are 
susceptible to losses through leaching and crop removal (Dupouey et al., 2002).  Losses 
to weathering and volatilization are roughly balanced by Hg inputs through wet- and dry- 
deposition, with litterfall dry- deposition being the primary flux to forest soils (St. Louis 
et al., 2001; Demers et al., 2007; Juillerat et al., 2012; Risch et al., 2012).  Deforestation 
removes the litterfall flux, and my results suggest that wet- and dry- atmospheric Hg 
deposition in the absence of litterfall is not great enough to balance losses of Hg from soil 
via leaching and volatilization.  Alternatively, deforestation exacerbates the loss of Hg 
from soils, which is consistent with studies in the Amazon (Magarelli and Fostier, 2005; 
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Mainville et al., 2006; Comte et al., 2013).  In addition to cultivation increasing the 
mobilization of Hg from soils, soil disturbance also decreases the available area of the 
soil Hg reservoir.  Soil is a primary reservoir of Hg (Smith-Downey et al., 2010; Mason 
et al., 2012; Driscoll et al., 2013), but tillage inhibits soils from accumulating Hg.  
Potentially, cultivation is a large contributor to the loss of the soil Hg reservoir.   
Similar to Hg, average concentrations of Pb in the O/A horizon were greatest in 
old-growth forest soil (Dunn’s Pairwise Multiple Comparison, p > 0.05; Table 1).  
Johnson et al. (1982) reported that Pb concentrations increase with forest stand age up to 
80–100 years, which is consistent with the significantly greater Pb concentrations in old-
growth forest soils.  Concentrations of Pb in O/A horizons were not significantly different 
between  new-growth and cultivated soils and between cultivated and fallow soils 
(Dunn’s Pairwise Multiple Comparison, p-values > 0.05).  B soil horizon Pb 
concentrations were different only between new-growth forest and fallow soils (Dunn’s 
Pairwise Multiple Comparison, p < 0.05).  Similar to Hg, Pb concentrations were greatest 
in undisturbed soils.   
Nickel concentrations in soils were not significantly different among zones except 
between the B horizons of old-growth forest and fallow soils (Dunn’s Pairwise Multiple 
Comparison, p < 0.05).  Because of its siderophilic properties, Ni concentrations are not 
expected to be influenced by organic matter concentrations.  Land-use history did not 





 Mercury concentrations in O/A horizon soil were unrelated to sampling site 
elevation within each individual growth zone (Pearson correlation, p-values > 0.07).  In 
contrast and unexpectedly, Hg soil concentrations among all sampling locations were 
inversely correlated with elevation (Pearson correlation, p = 0.016, r = −0.20; Figure 5).  
This observation is in contrast to that of others who found strong positive correlations 
between soil Hg concentration and site elevation of the Catskill Mountains, New York 
(Townsend et al., 2014) and of Mt. Leigong in southwestern China (Zhang et al., 2013).  
The lack of relationships between Hg concentrations and site elevation within individual 





Figure 5.  Correlation between total mercury (Hg) and site elevation (m above mean sea 
level) of the O/A soil horizon of old-growth forest (circle), new-growth forest (triangle), 
























r = −0.20 





Inter-metal relationships were observed between Hg and Pb.  Mercury was 
positively correlated with Pb in each growth zone, except for agricultural soil (Figure 6).  
The absence of a relationship between Pb and Hg in cultivated fields may result from 
both metals being influenced differently by soil disturbance.  The narrow concentrations 
ranges of both metals in cultivated soils also may have a precluded significant 
relationship.  Lead and Hg soil concentrations were unrelated to those of Ni in all growth 




Figure 6.  Correlation between total mercury (Hg) and lead (Pb) of soil in O/A (circle) 
and B horizons (triangle) of old-growth forest (A), new-growth forest (B), fallow soils 
(C), and cultivated fields (D).  All but cultivated fields showed a significant positive 
correlation between the two variables (p < 0.05).   
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r = 0.77 
p < 0.0001 
r = 0.64 
p < 0.0001 
r = 0.04 
p = 0.85 
r = 0.28 
p = 0.03 
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Metal-organic content correlations 
The O/A horizon contained greater concentrations of organic matter than the B 
horizon in each growth zone (paired t-test, p < 0.001).  Organic matter concentrations 
were greatest in old- and new-growth forest soils, followed by tilled fields and grassland 
soils, consistent with prior studies (Johnson, 1992; Robertson et al., 1993; Compton and 
Boone, 2000) and the distribution of Hg and Pb among growth zones.  The mean organic 
content of the O/A horizon was similar between old- and new-growth forest soils (10% 
and 9% LOI, respectively; Dunn’s Pairwise Multiple Comparison, p > 0.05) and between 
agricultural and fallow soils (5% and 6% LOI, respectively; Dunn’s Pairwise Multiple 
Comparison, p > 0.05).  The mean organic content of the B horizon in old- and new-
growth forest soils averaged 5%.  Organic matter concentration in the B horizon of fallow 
soils (4% LOI) was significantly less than those in B horizons of other growth zones 
(Dunn’s Pairwise Multiple Comparison, p < 0.05).  Johnson (1992), Robertson et al. 
(1993), and Compton and Boone (2000) found that mineral soil carbon concentrations, to 
depths of 15 cm, can be reduced by cultivation by 30–50%, which is comparable with 
results presented here.  Cultivation reduced organic content in all growth zones.   
Mercury concentrations were strongly correlated with soil organic content in both 
O/A and B horizons of all growth zones, excluding cultivated soils (Figure 7), which is 
consistent with strong relationship often observed between Hg and organic matter in 
other soils and sediments (Johansson et al., 1991; Hintelmann et al., 1997; Biester et al., 
2002; Hammerschmidt et al., 2004; Obrist et al., 2011; Juillerat et al., 2012, Richardson   
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Figure 7.  Correlation between total mercury (Hg) and organic content (as percent loss 
on ignition, LOI) of the O/A (circle) and B (triangle) soil horizons of old-growth forest 
(A), new-growth forest (B), and fallow soils (C) as well as cultivated soils (D).  All but 
cultivated soil showed a significant positive correlation between the two variables (p < 
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et al., 2013; Šípková et al., 2014).   The lack of relationship between Hg and organic 
content of cultivated soils may be due to each constituent being independently influenced 
by soil tillage, which is discussed below.   
The Hg:organic content ratios of O/A horizons were greatest in old-growth forest 
soils (Dunn’s Pairwise Multiple Comparison, p > 0.05).  Mean Hg:organic matter ratios 
(± SD) of the O/A horizon averaged 921 ± 223 ng Hg/g organic matter in old-growth 
forest, 644 ± 215 ng Hg/g organic matter in new-growth forest soil, and 585 ± 159 ng 
Hg/g organic matter in fallow soil. The greater ratio in old-growth forest soil indicates 
enrichment of Hg relative to organic matter in those soils relative to the other land-use 
types examined in this study.  Furthermore, these ratios suggest the enrichment of Hg in 
old-growth forest soil is more than merely a function of high organic content because old- 
and new-growth forests had similar organic contents in the O/A horizon.  Old- and new-
growth forest soil had similar Hg:organic content ratios in the B horizon (1026 ± 341 and 
902 ± 214 ng Hg/g organic matter, respectively; Dunn’s Pairwise Multiple Comparison, p 
> 0.05), as did new-growth forest and fallow soils (902 ± 214 and 766 ± 212 ng Hg/g 
organic matter, respectively; Dunn’s Pairwise Multiple Comparison, p > 0.05).  In all 
growth zones, Hg:organic content ratios were greater in the B than A horizon (paired t-
test, p < 0.006), which is consistent with the findings of others (Oswald et al., 2014).  The 
increased Hg:organic content ratios in the  B horizon is a result of either continued Hg 
accumulation during organic matter mineralization or initial high concentrations of Hg 
relative to organic carbon (Smith-Downey et al., 2010; Demers et al., 2011).   
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In some cases, Pb and Ni showed positive relationships with organic matter, 
although correlations were not consistent (linear regression, p < 0.05).  In old-growth 
forest O/A horizon soils, concentrations of Ni was associated with organic content (p = 
0.003, r
2
 = 0.19), which was not expected because Ni is a siderophile.  New-growth forest 
soils had strong correlations between organic matter and Pb in the O/A horizon (p < 
0.0001, r
2
 = 0.41), in addition to Pb and Ni in the B horizon (p = 0.002, r
2
 = 0.24 and p = 
0.026, r
2
 = 0.13, respectively).  Additionally, Ni in the B horizon of fallow soils was 
correlated with organic matter (p = 0.010, r
2
 = 0.22).  Cultivated soils showed no 





 Land use is an important factor influencing concentrations of organic matter, Hg, 
and Pb in southwestern Ohio soils.  Differences of Hg concentrations among old- and 
new-growth forest, fallow, and cultivated soils are consistent with a time line of soil 
disturbance, with the least disturbed soils having the greatest concentrations.  As 
observed previously (Johansson et al., 1991; Hintelmann et al., 1997; Biester et al., 2002; 
Hammerschmidt et al., 2004; Obrist et al., 2011; Juillerat et al., 2012, Richardson et al., 
2013; Šípková et al., 2014), Hg concentrations were strongly associated with soil organic 
content, excluding cultivated soils.  Frequent disturbance of soil appears to inhibit the 
association between Hg and either Pb or organic matter, potentially because each variable 
is influenced independently by cultivation.  It is evident that cultivation and deforestation 
can enhance respiration of organic matter and increase the mobilization of Hg and Pb in 
soils.   
 The amount of Hg mobilized from soils as a result of cultivation and deforestation 
is potentially significant to the global cycling of the element.  I observed that the 
difference of mean Hg concentrations in the O/A horizon between old-growth and 
cultivated soils was 0.058 μg/g dry wt in my study area.  This concentrations difference 
equates to a mobilization inventory of 4.1 mg/m
2
, assuming an average soil density of 1.4 
g/cm
3
 (Arshad et al., 1996) and conservatively estimating a 5-cm depth for the O/A 
horizon.  If this inventory were representative of those from deforested soils worldwide, 
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 of land globally since 1800 (FAO, 2012), 
then about 370 Mmol of Hg have been mobilized as a result of deforestation during the 
last 200 y.  This estimated amount is about 40% of the reservoir of Hg in organic soils 
globally (about 1000 Mmol; Smith-Downey et al., 2010) and represents an unaccounted 
anthropogenic source of Hg to either aquatic or atmospheric systems, depending on 
whether Hg is lost by either erosion or volatilization.  Given that the estimated area of 
deforested land has increased linearly during the past 200 years (FAO, 2012), I estimated 
that about 1.9 Mmol/y of Hg have been mobilized from soils globally during this period.  
A comparable global hg flux from deforested soils of 2.2 Mmol/y can be estimated from 




;Margarelli and Fostier, 2005).  If lost to weathering, such a flux is comparable to the 
global fluvial input of Hg to the ocean (1.9 Mmol/y; Mason et al., 2012), but if 
volatilized, the flux is much less than the modeled natural flux of Hg
0
 from soil surfaces 
worldwide (about 15 Mmol/y; Smith-Downey et al., 2010).  However, atmospheric Hg 
emissions associated with man-made changes of land use are an unaccounted 
anthropogenic source of Hg that would add considerably to the 10 Mmol/y of estimated 
primary human emissions of Hg from all sources worldwide (Pacyna et al., 2010).  While 
Ni concentrations were unchanged between old-growth forest and cultivated soils, Pb 
concentrations were decreased by 34% in cultivated soils compared to 65% for Hg.  The 
fraction of Hg lost from southwest Ohio soils after deforestation is comparable to that 
observed in the Ecuadorian Amazon O/A horizon soils (60%; Mainville et al., 2006).  
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Without a volatile phase, Pb is lost from the soils only by weathering, which suggests that 
as much as half of the Hg loss also may be by erosion, with the remainder emitted to the 
atmosphere.  Mercury lost through weathering may be leached to aquatic systems and Hg 
emitted to the atmosphere is re-deposited to the soil reservoir or open ocean.  Whether 
removed from soils by leaching or volatilization, it is unknown if mobilized Hg is more 
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Table A1.  Location, elevation, metal concentrations, and organic content of O/A horizon 
old-growth forest soils.   
Sample ID Latitude Longitude Elevation  Pb Ni Hg LOI 
 
north (39°) west (84°) (m) (µg/g)  (µg/g)  (µg/g) (%) 
3 47'21" 3'44" 264 21.8 13.3 0.0528 8.96 
10 47'18" 3'50" 260 32.8 21.1 0.0935 13.6 
16 47'18" 3'38" 276 43.8 19.5 0.0861 12.2 
19 47'18" 3'32" 269 28.2 10.1 0.0724 7.17 
20 47'15" 3'50" 269 42.8 12.4 0.123 14.1 
25 47'15" 3'40" 276 29.6 14.2 0.0877 9.50 
36 47'12" 3'38" 280 44.3 15.2 0.0975 8.26 
38 47'12" 3'34" 277 32.1 13.3 0.0796 8.32 
43 47'9" 3'44" 276 35.2 16.4 0.0966 14.4 
44 47'9" 3'42" 278 24.6 13.6 0.0522 6.50 
47 47'9" 3'36" 279 29.8 12.7 0.0870 8.57 
56 47'6" 3'30" 275 44.2 23.7 0.0893 10.2 
60 47'6" 3'6" 263 44.5 20.9 0.0983 9.48 
62 47'6" 3'2" 265 32.8 16.9 0.0642 10.4 
66 47'3" 3'30" 279 37.2 28.4 0.0813 9.54 
70 47'3" 3'22" 265 35.2 21.9 0.0799 9.33 
73 47'3" 3'16" 275 44.3 17.2 0.114 8.48 
75 47'3" 3'12" 274 42.9 15.5 0.105 10.7 
77 47'3" 3'8" 267 27.4 18.8 0.0536 10.7 
80 47' 3'34" 282 24.6 22.9 0.0936 7.49 
89 47' 3'16" 277 28.0 17.9 0.0767 6.27 
105 46'51" 3'26" 270 36.7 27.9 0.110 14.0 
107 46'51" 3'22" 277 50.7 15.8 0.0902 9.54 
109 46'51" 3'18" 273 33.0 31.2 0.0892 11.9 
110 46'51" 3'16" 275 34.1 18.1 0.0865 8.78 
111 46'48" 3'26" 281 34.0 16.0 0.0970 11.5 
112 46'48" 3'24" 277 30.5 -- 0.0653 7.89 
114 46'48" 3'20" 276 30.7 28.9 0.0827 9.80 
115 46'48" 3'18" 275 41.0 29.0 0.0952 12.3 
118 47'9" 2'52" 270 36.9 -- 0.0751 7.78 
121 47'6" 2'54" 268 38.2 22.3 0.0898 9.35 
40 
 
12 A1 47'18" 3'46" 263 28.0 17.7 0.0965 9.00 
12 A2 47'18" 3'46" 263 27.5 18.6 0.0960 10.6 
12 A3 47'18" 3'46" 263 25.2 19.0 0.0890 9.24 
61 A1  47'6" 3'4" 267 34.2 18.5 0.0784 8.43 
61 A2 47'6" 3'4" 267 33.4 13.9 0.0783 11.2 
61 A3 47'6" 3'4" 267 31.7 16.0 0.0841 9.60 
85 A1 47' 3'24" 264 40.8 28.5 0.117 16.7 
85 A2 47' 3'24" 264 37.2 23.4 -- 17.3 
85 A3 47' 3'24" 264 40.2 29.7 0.125 16.5 
9 A1 47'21" 3'32" 263 30.3 16.2 0.0705 7.87 
9 A2 47'21" 3'32" 263 44.8 19.1 0.0893 6.67 
9 A3 47'21" 3'32" 263 35.3 18.7 0.0579 6.75 
98 A1 46'54" 3'28" 281 43.7 10.9 -- 10.5 
98 A2 46'54" 3'28" 281 41.5 17.6 0.127 7.51 






Table A2.  Location, elevation, metal concentrations, and organic content of B horizon 
old-growth forest soils.   
Sample ID Latitude Longitude Elevation  Pb Ni Hg LOI 
 
north (39°) west (84°) (m) (µg/g)  (µg/g)  (μg/g) (%) 
3 47'21" 3'44" 264 16.7 12.1 0.0358 5.54 
16 47'18" 3'38" 276 27.1 -- 0.0468 5.16 
19 47'18" 3'32" 269 19.8 14.1 0.0404 3.69 
20 47'15" 3'50" 269 -- 12.4 0.0781 6.65 
36 47'12" 3'38" 280 28.5 12.7 0.0638 5.19 
38 47'12" 3'34" 277 25.6 12.3 0.0564 5.14 
44 47'9" 3'42" 278 14.3 17.2 0.0380 2.69 
52 47'6" 3'38" 
 
12.4 11.8 0.0277 3.70 
56 47'6" 3'30" 275 -- 30.4 0.0480 3.57 
60 47'6" 3'6" 263 24.4 31.8 0.0549 6.50 
62 47'6" 3'2" 265 -- 17.2 0.0686 7.24 
66 47'3" 3'30" 279 28.5 -- 0.0310 4.51 
70 47'3" 3'22" 265 22.6 15.8 0.0486 4.72 
73 47'3" 3'16" 275 17.3 17.7 0.0509 4.36 
75 47'3" 3'12" 274 27.9 19.1 0.0471 4.75 
77 47'3" 3'8" 267 19.3 21.0 0.0312 6.03 
80 47' 3'34" 282 29.2 24.1 0.0239 2.85 
89 47' 3'16" 277 23.3 22.2 0.0671 2.94 
105 46'51" 3'26" 270 19.9 26.4 0.0559 7.54 
109 46'51" 3'18" 273 20.5 32.2 0.0501 6.98 
111 46'48" 3'26" 281 17.7 28.9 0.0390 3.51 
112 46'48" 3'24" 277 16.7 39.4 0.0479 5.76 
114 46'48" 3'20" 276 14.23 22.7 0.0205 3.3 
115 46'48" 3'18" 275 19.6 25.9 0.0523 5.93 
118 47'9" 2'52" 270 29.1 28.0 0.0698 5.05 
121 47'6" 2'54" 268 19.7 12.0 0.0369 5.81 
12 B1 47'18" 3'46" 263 30.3 18.2 0.0774 6.34 
12 B2 47'18" 3'46" 263 19.4 17.5 0.0454 4.98 
12 B3 47'18" 3'46" 263 23.7 19.3 0.0863 5.76 
61 B1 47'6" 3'4" 267 19.7 11.7 0.0422 4.99 
61 B2 47'6" 3'4" 267 27.5 16.6 0.0581 5.44 
42 
 
61 B3 47'6" 3'4" 267 -- -- -- 5.36 
85 B1 47' 3'24" 264 25.5 24.7 0.0763 10.1 
85 B2 47' 3'24" 264 20.6 19.9 0.0695 9.45 
85 B3 47' 3'24" 264 21.3 28.2 0.0808 10.4 
9 B1 47'21" 3'32" 263 28.2 20.3 0.0436 3.51 
9 B2 47'21" 3'32" 263 19.7 19.8 0.0556 3.73 
9 B3 47'21" 3'32" 263 24.7 20.2 0.037 4.81 
98 B1 46'54" 3'28" 281 18.6 10.2 0.0537 -- 
98 B2 46'54" 3'28" 281 19.0 10.3 0.0539 4.02 





Table A3.  Locations, elevation, metal concentrations, and organic content of O/A 
horizon new-growth forest soils.   
Sample ID Latitude Longitude Elevation  Pb Ni Hg LOI 
 
north (39°) west (84°) (m) (µg/g)  (µg/g)  (μg/g) (%) 
13 47'23" 3'38" 263 34.4 21.4 0.0753 8.66 
14 47'23" 3'36" 262 28.5 19.0 0.0783 10.7 
17 47'22" 3'36" 264 35.2 25.1 0.0909 12.0 
27 47'21" 3'26" 261 22.1 20.1 0.0368 7.57 
28 47'21" 3'24" 262 22.1 23.0 0.0390 9.45 
36 47'19" 3'24" 261 29.8 17.7 0.0538 7.94 
48 47'16" 3'24" 262 24.5 21.5 0.0474 7.54 
53 47'14" 3'30" 270 27.8 17.6 0.0627 6.01 
57 47'13" 3'28" 267 31.0 16.9 0.0705 10.3 
65 47'14" 3'14" 262 28.6 16.8 0.0579 10.9 
70 47'13" 3'20" 260 -- -- -- 15.7 
73 47'13" 3'14" 263 24.2 16.9 0.0529 6.92 
74 47'13" 3'12" 263 32.4 14.5 0.0632 7.74 
78 47'12" 3'22" 263 27.2 26.4 0.0692 8.70 
83 47'12" 3'12" 262 -- -- -- 14.8 
94 47'11" 3'12" 263 48.2 18.6 0.0850 7.97 
95 47'11" 3'10" 263 36.3 20.6 0.0626 9.86 
105 47'10" 3'10" 263 11.8 15.0 0.0277 5.50 
107 47'9" 3'28" 269 48.1 25.0 0.0601 10.8 
109 47'9" 3'24" 271 25.6 21.6 0.0547 10.0 
113 47'9" 3'16" 263 33.2 25.1 0.0658 8.13 
115 47'9" 3'12" 265 31.4 15.0 0.0803 8.42 
126 47'8" 3'12" 267 19.2 19.0 0.0442 9.70 
127 47'8" 3'10" 264 35.7 18.4 0.0685 12.9 
140 47'6" 3'26" 277 48.6 24.0 0.0802 16.4 
144 47'6" 3'18" 263 37.9 20.8 0.0898 13.4 
150 47'5" 3'8" 265 29.9 17.1 0.0849 9.62 
151 47'18" 3'10" 256 28.8 31.5 0.0412 9.17 
155 47'17" 3'8" 257 16.3 30.3 0.0303 7.50 
158 47'17" 3'2" 261 27.2 -- 0.0568 10.3 
159 47'16" 3'8" 257 -- -- -- 6.99 
164 5'15" 3'4" 263 26.2 15.0 0.0636 12.3 
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170 47'12" 3'2" 263 29.2 24.1 0.0345 9.58 
112 A1 47'9" 3'18" 260 11.6 14.2 0.0267 5.71 
112 A2 47'9" 3'18" 260 13.2 12.5 0.0256 5.48 
112 A3 47'9" 3'18" 260 11.3 14.0 0.0212 5.86 
146 A1 47'6" 3'14" 272 20.6 18.6 0.0482 6.47 
146 A2 47'6" 3'14" 272 19.2 -- 0.0385 4.97 
146 A3 47'6" 3'14" 272 22.7 19.5 0.0498 6.43 
33 A1 47'19" 3'30" 264 33.0 16.4 0.0782 9.79 
33 A2 47'19" 3'30" 264 32.7 26.3 0.0713 8.11 





Table A4.  Location, elevation, metal concentrations, and organic content of B horizon 
new-growth forest soils.   
Sample ID Latitude Longitude Elevation  Pb Ni Hg LOI 
 
north (39°) west (84°) (m) (µg/g)  (µg/g)  (μg/g) (%) 
13 47'23" 3'38" 263 26.8 18.2 0.0506 4.68 
14 47'23" 3'36" 262 29.1 29.0 0.0772 6.73 
17 47'22" 3'36" 264 31.3 24.8 0.0671 6.70 
28 47'21" 3'24" 262 25.4 21.0 0.0626 4.78 
48 47'16" 3'24" 262 24.8 16.7 0.0498 5.08 
53 47'14" 3'30" 270 19.0 14.9 0.0257 3.36 
65 47'14" 3'14" 262 20.8 12.8 0.0447 4.84 
70 47'13" 3'20" 260 37.2 28.4 0.0615 7.00 
73 47'13" 3'14" 263 19.1 14.4 0.0362 3.78 
74 47'13" 3'12" 263 27.8 15.6 0.0399 3.45 
78 47'12" 3'22" 263 27.2 39.2 -- 4.50 
83 47'12" 3'12" 262 24.6 28.9 0.0465 5.95 
94 47'11" 3'12" 263 19.8 24.7 0.0439 4.85 
95 47'11" 3'10" 263 25.5 24.6 0.0364 4.91 
105 47'10" 3'10" 263 14.6 18.0 -- 4.27 
107 47'9" 3'28" 269 53.5 23.2 0.0241 4.66 
109 47'9" 3'24" 271 24.5 23.3 0.0463 5.00 
113 47'9" 3'16" 263 21.7 27.9 0.0377 4.49 
115 47'9" 3'12" 265 20.2 17.5 0.0482 4.71 
126 47'8" 3'12" 267 20.7 42.0 0.0549 4.38 
127 47'8" 3'10" 264 18.5 15.8 0.0383 3.49 
140 47'6" 3'26" 277 39.8 30.4 0.0487 6.63 
144 47'6" 3'18" 263 24.1 22.6 0.0547 4.59 
150 47'5" 3'8" 265 19.6 17.6 0.0456 4.79 
151 47'18" 3'10" 256 20.6 34.3 0.0207 4.11 
155 47'17" 3'8" 257 16.3 32.4 0.0180 4.70 
158 47'17" 3'2" 261 23.9 25.9 0.0614 5.92 
159 47'16" 3'8" 257 -- 21.4 0.0396 4.31 
164 5'15" 3'4" 263 25.5 14.3 0.0497 5.79 
170 47'12" 3'2" 263 26.3 27.2 0.0407 6.95 
112 B1 47'9" 3'18" 260 22.0 15.7 -- 4.39 
112 B2 47'9" 3'18" 260 21.9 17.4 0.032 4.11 
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112 B3 47'9" 3'18" 260 17.4 15.2 0.0270 4.33 
146 B1 47'6" 3'14" 272 22.9 35.8 0.0503 4.82 
146 B2 47'6" 3'14" 272 25.4 34.3 0.0482 4.78 
146 B3 47'6" 3'14" 272 19.1 32.7 0.0437 5.22 
33 B1 47'19" 3'30" 264 20.3 15.7 0.0413 3.72 
33 B2 47'19" 3'30" 264 19.5 13.6 0.0332 3.26 





Table A5.  Location, elevation, metal concentrations, and organic content of cultivated 
soils.   
Sample ID Latitude Longitude Elevation  Pb Ni Hg LOI 
 
north (39°) west (83°) (m) (µg/g)  (µg/g)  (μg/g) (%) 
1 48'33" 58'39" 299 24.9 15.0 0.0308 5.15 
2 48'33" 58'41" 298 24.4 21.8 0.0313 3.36 
3 48'29" 58'3" 299 18.3 21.5 0.0317 3.96 
4 48'5" 58'22" 296 22.3 17.6 0.0300 4.98 
6 47'7" 57' 305 24.5 16.2 0.0303 5.88 
7 47'6" 57' 305 20.1 10.8 0.0326 4.53 
8 47'5" 56'12" 300 31.0 20.9 -- 6.94 
9 48'39" 56'58" 316 23.5 14.6 0.0311 4.17 
10 46'57" 55'57" 296 24.9 10.4 0.0260 5.12 
11 45'6" 56'38" 285 25.0 23.4 0.0341 3.93 
12 45'40" 56'58" 300 -- 19.6 0.0414 6.00 
13 45'15" 56'44" 293 -- 18.2 -- 5.74 
14 44'56" 56'41" 288 20.3 11.0 0.0417 4.95 
15 45'28" 57'43" 279 20.6 12.4 0.0324 5.61 
16 45'43" 57'8" 295 19.5 31.3 0.0238 5.39 
17 44' 58'15" 277 30.2 17.5 0.0319 4.92 
19 47'19" 56'52" 316 19.2 30.0 0.0256 5.56 
20 47'8" 56'39" 310 22.9 17.0 0.0319 5.6 
21 47'54" 56'49" 315 21.6 16.6 0.0313 3.84 
22 48'51" 57'1" 312 24.4 13.3 0.0252 4.80 
23 47'47" 59' 277 17.7 17.5 0.0272 6.01 
24 47'35" 59' 280 25.0 17.2 -- 4.52 
25 48'27" 57'24" 303 23.7 21.2 0.0357 6.66 
18 A1 43'59" 57'18" 266 20.5 20.4 0.0265 5.33 
18 A2 43'59" 57'18" 266 20.6 20.4 0.0297 4.41 
18 A3 43'59" 57'18" 266 20.6 27.4 0.0317 4.12 
5 A1 47'7" 57'39" 307 26.9 18.6 0.0222 5.53 
5 A2 47'7" 57'39" 307 22.1 10.9 0.0264 5.22 





Table A6.  Location, elevation, metal concentrations, and organic content of O/A horizon 
fallow soils.   
Sample ID Latitude Longitude Elevation  Pb Ni Hg LOI 
 
north (39°) west (84°) (m) (µg/g)  (µg/g)  (μg/g) (%) 
1 46'2" 0'43" 253 13.8 10.9 0.0225 5.50 
4 46'1" 0'43" 253 16.6 10.8 0.0267 4.55 
9 46' 0'42" 253 15.5 10.9 0.0277 4.73 
10 45'59" 0'43" 253 30.4 12.6 0.0276 7.35 
11 45'59" 0'42" 254 12.7 10.5 0.0303 5.03 
15 45'57" 0'42" 253 31.9 10.4 0.0497 6.32 
16 45'56" 0'44" 252 20.9 17.7 0.0381 8.32 
17 A1 45'56" 0'43" 252 21.9 17.4 0.0431 7.54 
17 A2 45'56" 0'43" 252 19.6 16.0 0.0478 7.23 
17 A3 45'56" 0'43" 252 18.7 18.3 0.0400 6.42 
6 A1 46'1" 0'41" 254 15.4 12.3 0.0292 4.21 
6 A2 46'1" 0'41" 254 14.8 15.3 0.0282 4.51 
6 A3 46'1" 0'41" 254 16.0 11.6 0.0223 4.46 
 
north (39°) west (83°) 
     101 45'55" 58'35" 274 21.9 14.0 0.0385 3.89 
102 45'54" 58'35" 274 24.9 24.5 0.0278 5.89 
103 45'53" 58'35" 273 20.5 21.9 0.0409 5.70 
104 45'51" 58'37" 271 24.5 17.9 0.0317 6.12 
105 45'51" 58'36" 271 24.3 34.5 0.0462 5.57 
106 45'53" 58'36" 274 27.3 17.6 0.0254 4.24 
107 45'55" 58'39" 274 17.9 28.0 0.0293 5.74 
109 45'55" 58'43" 273 21.5 29.7 0.0302 4.63 
110 45'55" 58'49" 272 18.5 17.7 0.0293 4.98 
111 45'57" 58'52" 275 19.8 11.7 0.0188 7.32 
112 45'57" 58'50" 274 16.5 22.8 0.0315 6.18 
113 45'57" 58'48" 275 26.1 20.0 0.0217 7.44 
114 45'59" 58'50" 274 18.9 20.7 0.0259 5.08 
115 45'53" 58'54" 279 16.0 15.0 0.0200 4.50 
116 45'49" 58'52" 278 19.7 12.6 0.0292 5.95 
118 46'1" 58'52" 275 19.5 20.7 0.0171 4.21 
119 46'4" 58'53" 274 21.1 13.0 0.0241 4.39 
120 46'5" 58'50" 277 20.0 36.0 -- 6.72 
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121 46'9" 58'53" 274 22.0 17.9 0.0467 8.41 
122 46'9" 58'55" 273 18.4 21.9 0.0347 6.28 
108 A1 45'54" 58'39" 273 22.4 20.4 0.0431 4.27 
108 A2 45'54" 58'39" 273 24.6 25.5 0.0322 4.27 
108 A3 45'54" 58'39" 273 21.8 28.7 0.0376 5.54 
117 A1 45'50" 58'51" 276 17.3 16.9 0.0271 5.06 
117 A2 45'50" 58'51" 276 20.5 17.5 0.0322 4.68 





Table A7.  Location, elevation, metal concentrations, and organic content of B horizon 
fallow soils.   
Sample ID Latitude Longitude Elevation  Pb Ni Hg LOI 
 
north (39°) west (83°) (m) (µg/g)  (µg/g)  (μg/g) (%) 
101 45'55" 58'35" 274 19.6 31.2 0.0286 4.21 
102 45'54" 58'35" 274 14.0 25.5 0.0199 3.97 
103 45'53" 58'35" 273 20.4 36.6 0.0511 4.90 
104 45'51" 58'37" 271 23.3 37.1 0.0349 4.12 
105 45'51" 58'36" 271 21.5 25.3 0.0228 4.95 
106 45'53" 58'36" 274 -- 12.2 0.0239 1.92 
107 45'55" 58'39" 274 14.9 37.5 0.0316 3.42 
109 45'55" 58'43" 273 22.6 32.8 0.0426 4.67 
110 45'55" 58'49" 272 20.3 16.2 0.0243 3.28 
111 45'57" 58'52" 275 18.7 11.1 0.0185 3.57 
112 45'57" 58'50" 274 16.4 16.6 0.0291 4.16 
113 45'57" 58'48" 275 21.6 21.8 0.0278 3.44 
114 45'59" 58'50" 274 22.1 21.7 0.0317 3.42 
115 45'53" 58'54" 279 16.2 22.5 0.0209 3.19 
116 45'49" 58'52" 278 19.5 33.7 0.0354 4.06 
118 46'1" 58'52" 275 23.1 19.7 0.0289 3.98 
119 46'4" 58'53" 274 22.6 12.0 0.0235 -- 
120 46'5" 58'50" 277 29.8 49.0 -- 3.96 
121 46'9" 58'53" 274 16.7 33.7 0.0318 3.05 
122 46'9" 58'55" 273 15.8 34.6 0.0357 3.78 
108 B1 45'54" 58'39" 273 20.7 46.2 0.0469 5.58 
108 B2 45'54" 58'39" 273 18.7 31.7 0.0264 5.21 
108 B3 45'54" 58'39" 273 23.2 29.8 0.0221 4.55 
117 B1 45'50" 58'51" 276 20.9 19.3 0.0305 4.12 
117 B2 45'50" 58'51" 276 19.1 19.1 0.0303 3.56 
117 B3 45'50" 58'51" 276 21.1 19.5 0.0163 3.91 
 
